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Abstract
Hypotheses are advanced concerning the origins of non-halacarid mites in the marine environment.
The hypothesis that oribatid (ameronothroid) and astigmatid (hyadesioid) taxa have had longer marine
associations than their prostigmatid and mesostigmatid counterparts, is supported by contrasting geo-
graphical, ecological and taxonomic patterns among these mite groups, in particular by the high spe-
cies to genus ratios, the general lack of generic representation in the terrestrial environment, and
well-established marine trophic links of ameronothroid and hyadesioid mites. A second hypothesis that
polar and subpolar genera of marine ameronothroid mites (and possibly hyadesioid mites) originated
independently of the tropical genera, is suggested by three distinct latitudinal distributions of the
major genera of these groups. A third hypothesis that marine origins were caused by glaciation events
in the polar regions and competition in the tropics, is supported by species richness patterns across
global latitudes, and the apparent habitat separation between rock-dwelling Antarctic and sediment-
based tropical marine mites. A final hypothesis concerns the basis for the return to land by the Antarc-
tic ameronothroid genus Halozetes.
INTRODUCTION
It is generally regarded that life originated in the sea
and that terrestrial lineages evolved later from marine
forms. While biotic and abiotic differences between
the marine and terrestrial environments seem to pre-
clude transitions from one environment to the other,
this habitat shift has happened several times (Vermeij
and Dudley 2000), and spectacular examples include
whales and penguins. Questions around land-to-sea
transitions concern not only morphological, physiologi-
cal and reproductive characteristics compatible with
life in these two diametrically-opposed environments,
but also concern ecological situations and geological
time-frames. The transition of some secondary ma-
rine animals (those with terrestrial ancestry) appears
to be nearly complete, whereas other animals are lim-
ited in their distributions to the fringes of the marine
environment (intertidal zones), or need to return to
the land to complete their life-cycles. Representatives
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of four major mite sub-orders are found to occur in
marine intertidal habitats, the Mesotigmata,
Prostigmata, Oribatida and Astigmata (Proches and
Marshall 2001). The present study focuses on second-
ary marine mites, in particular the non-halacarid taxa.
The Halacaridae deserve separate consideration; un-
like all other mites, which are restricted to intertidal
fringes, they exhibit benthic oceanic distributions,
which suggest a near-complete transition to a marine
existence. This paper integrates and extends some view-
points already presented in the primary literature for
secondary marine mites (Proches and Marshall 2001),
secondary marine organisms, including plants and
vertebrates (Proches 2001), and Antarctic mites
(Marshall and Chown 2002). The methods for data
collection are detailed in these papers. Of particular
relevance to this review is the assessment in Proches
and Marshall (2001) on how well the available mite
records represent true species composition and rich-
ness. In essence, it is suggested that the known records
are representative for some world regions (Eastern
Atlantic-Boreal, the sub-Antarctic and southern New
Zealand), some habitats (rocky-shores) and some taxo-
nomic groups (the Oribatida and Astigmata), but not
others. The tropical regions (especially sediment habi-
tats) and the Mesostigmata and Prostigmata are ap-
parently incompletely recorded (Proches and Marshall
2001).
This paper presents observations on biogeographi-
cal and ecological patterns which support four hy-
potheses regarding the origins of non-halacarid marine
mites: H1. The oribatid (ameronothroid) and
astigmatid (hyadesioid) taxa have had longer marine
associations than their prostigmatid and mesostigmatid
counterparts; H2. The polar and subpolar genera of
marine ameronothroid mites (and possibly hyadesioid
mites) originated independently of the tropical gen-
era; H3. Colonization of marine habitats was caused
by glaciation events in the polar regions, and com-
petition in the tropics, and; H4. The marine species
of Halozetes are ancestral to the terrestrial species. By
considering these hypotheses (in the given order), we
hoped to contribute to the ‘when’, ‘where’, ‘how’ and
‘why’ of marine mite origins. While some of the hy-
potheses may be testable by molecular phylogenies,
especially in the case of the ameronothroids, they
are generally aimed at stimulating debate around
this topic.
MARINE ORIGIN HYPOTHESES
1. When did land-to-sea transitions occur?
(H1. The oribatid (ameronothroid) and
astigmaid (hyadesioid) mites have had long-
er marine associations than their prostig-
matid and mesostigmatid counterparts)
This hypothesis is supported by three observations
relating to taxonomic hierarchical compositions,
present-day geographical distributions, and ecological
characteristics. High ratios for the number of species
to genus, and species to family, in the ameronothroid
and hyadesioid mites compared to those for the
mesostigmatid and prostigmatid mites (Table 1), sug-
gest that fewer land-to-sea transitions occurred in the
ameronothroid and hyadesioid groups, and that these
groups radiated within the marine environment fol-
lowing global separation of populations. On the other
hand, the pattern for the mesostigmatid and
prostigmatid mites suggests numerous incursions into
the marine environment by taxonomically-disparate
groups. Greater speciation by ameronothroid and
hyadesioid mites in the marine environment is further
indicative of their longer existence there, assuming
that capacity for dispersal, isolation and speciation
are, in general, similar for all four groups. However,
ameronothroid mites are among those most likely to
have a reduced capacity for speciation, considering
their generally constrained, conservative reproductive
and life history features (Norton 1994; OConnor 1994).
Representation on land by species of mesostigmatid
and prostigmatid mite genera found in the marine
environment, lends further support to this hypothesis.
No marine hyadesioid genera are represented on land,
and terrestrial Antarctic species of the marine
ameronothroid genera are thought to be reverse tran-
sitions from the sea to the land, and derived from
marine forms (see (4) below).
Extensive global generic distributions by
ameronothroid and hyadesioid mites (Fig. 1; Proches
and Marshall 2001) as compared to restricted distri-
butions by mesostigmatid and prostigmatid mites (see
Proches and Marshall 2001), suggests relative antiq-
uity of the former in the marine environment, assum-
ing equal opportunity for dispersal by all groups.
Whereas the ameronothroid and hyadesioid mites are
herbivorous, feeding primarily on marine microalgae
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Table 1. The numbers of species, genera and families for four higher taxa of marine mites (excluding data for halacarid
mites) (after Procheº and Marshall 2001). The Oribatida and Astigmata represent solely the Ameronothroidea
and Hyadesioidea, respectively.
Species Genera Families Species/Genera Species/Families
Mesostigmata 32 16 9 2.00 3.56
Prostigmata 37 14 8 2.64 4.63
Oribatida 45 13 4 3.46 11.25
Astigmata 48 2 1 24 48
Figure 1. Geographical distributions of marine ameronothroid genera. The dark shading represents Halozetes, the intermediate shad-
ing, Schusteria and Fortyunia, and the light shading, Ameronothrus.
and fungi, the mesostigmatid and prostigmatid mites
are predominantly predacious, with diets presumed
to include mites, collembolans and tardigrades. Strong
marine trophic links of the ameronothroid and
hyadesioid mites argue for their relatively longer asso-
ciations with the marine environment. Notwithstand-
ing the possibility of mesostigmatid and prostigmatid
mites coevolving as predators on earlier secondary
marine mesoarthropods, the lack of any apparent es-
tablishment of marine trophic links indicates a greater
likelihood of their more recent marine origin. The ob-
servation that trophic ratios of carnivores to herbivores
generally vary with latitude in the case of marine inver-
tebrates (considerably more carnivores occur in the tropi-
cal regions in the case of marine gastropods for example;
Valentine et al. 2002), leads to questions on how repre-
sentative is the available information for the essentially
carnivorous mesostigmatid mites.
Little is known about the physiological adaptations
of secondary marine mites for surviving seawater ex-
posure. Many prostigmatid mites are unlikely to have
developed such adaptations, in that they avoid wet-
ting during tidal inundation by integumental features
or microhabitat selection (Pugh and King, 1985 1988).
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Ameronothroid mites, however, seem to show some
fundamental physiological predisposition to live in
water, or under conditions of prolonged desiccation.
Among the more interesting examples in this regard,
are the taxa which inhabit high altitudinal temporary
freshwater pools (see Norton et al. 1996).
2. Where did land-to-sea transitions take place,
with particular reference to the amerono-
throid and hyadesioid mites? (H2: Polar and
subpolar genera of marine ameronothroid
mites (and possibly hyadesioid mites) orig-
inated independently of the tropical genera)
The ameronothroid mites show three distinct latitudi-
nal bands of genera, comprising the northern hemi-
spheric (Arctic/boreal) Ameronothrus, the tropical and
sub-tropical genera predominated by species of Fortuynia
and Schusteria, and the southern hemispheric (Antarc-
tic/ sub-Antarctic) Halozetes (Fig. 1; Proches and
Marshall 2001). There is no distributional overlap
between Halozetes and the tropical genera, although
these are finely separated in southern Africa and New
Zealand (Luxton 1990; Proches and Marshall 2002;
Coetzee and Marshall 2003). This pattern suggests
three independent origins for these genera, correspond-
ing to each band. Alternatively, the two temperate-
polar genera (related at family level) may have a
common regional marine origin, with a once widely-
distributed taxon having been separated by the for-
mation of the present steep latitudinal climatic gradient.
However, this latter scenario fails to explain the ori-
gin of the tropical taxa. Recent recognition of the
rainforest water-pool mite family, Tegeocranellidae,
as a primitive ameronothroid and closely-related to
the Seleoribatidae and Fortuyniiidae, hints at a pos-
sible phylogenetic origin of these taxa (Behan-Pelletier
1997). How these tropical ameronothroid mites fami-
lies relate to the bipolar Ameronothridae would seem
a worthwhile area for future investigation.
Of further interest is the exclusive distribution of
the hyadesioid genus, Hyadesia, at the higher latitudes
in both the northern and southern hemispheres. In
similarity with the ameronothroid mites, hydesioid mite
distribution is also characterized by a tropical/sub-
tropical band constituting the genus Amhyadesia, though
this pattern is less clear than that for the ameronothroid
mites (Proches and Marshall 2001).
3. What were the driving forces behind the
land-to-sea transitions (how and why)? (H3.
Colonization of marine habitats was caused
by glaciation events in the polar regions,
and competition in the tropics)
The occurrence of mites on either rock or soft-sedi-
ment substrata in the marine environment has pro-
cess implications for the colonization of marine
intertidal systems. Some ameronothroid taxa are only
known to occur in marine mud sediments, such as
those covering mangrove pneumatophores (for habi-
tat details, see Proches et al. 2001). These habitats are
prevalent in the tropical/ temperate regions (and as-
sociate with estuarine and saltmarsh systems), but gen-
erally absent from the Antarctic/sub-Antarctic regions.
Whereas life on an exposed rocky-shore is far removed
from the ancestral soil habitat of oribatid mites, mud
sediments provide an intermediate habitat. The tran-
sition from soil to mud is arguably less extreme than
that from soil to the rocky-shore, with the latter re-
quiring a higher level of adaptation. While it is unex-
pected for rocky-shore dwell ing Antarctic
ameronothroid mites to return to mud sediments in
the tropical regions, tropical congeneric species may
be found in both habitat types, and the northern hemi-
spheric Ameronothrus lineatus (Thorell 1871) is known to
occur in mud sediments (see Søvik and Leinaas 2002).
Considering the historical instability and variability
of estuarine systems, the above observation provides
not only an argument for probable different origina-
tion processes by tropical/ temperate ameronothroid
mite faunas as compared to those from the Antarctic/
sub-Antarctic, but also provides support for the earlier
proposed historical and geographical origins of these
faunas. Hyadesioid mites are generally restricted to rocky
shorelines and thus provide no additional support for
or against this supposition.
Why some animals have invaded the sea from the
land during the course of their evolution, is a difficult
and complex question, and may relate to climate or
biotic factors. One explanation may derive from spe-
cies richness patterns in relation to global latitude.
Species richness of marine mites is bimodal in each
hemisphere, with a greater number of species occur-
ring at tropical and sub-polar latitudes, and fewer at
the temperate latitudes (Proches and Marshall 2001).
This pattern mirrors that for secondary marine or-
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ganisms as a whole (Proches 2001), suggesting its im-
portance in speculations on their origins. The latitudi-
nal variation in species richness of secondary marine
organisms, however, deviates from the clear tendency
of increase from polar to tropical regions seen for
primary marine and terrestrial organisms (Rohde 1992).
It is suggested that the greater secondary marine spe-
cies richness in the tropical band relates to higher
speciation and lower extinction rates, or to the com-
plexity of the biotic systems and interactions found
there, including interspecific competition (Proches
2001). In the polar regions, glaciation has played a
major role in structuring biotic systems (Chown 1990,
1994; Crame 1992, 1993), and has led to the extinc-
tion of many terrestrial species, with many others hav-
ing sought refuge in intertidal marine systems to escape
the effects of ice-scouring.
This review has intentionally omitted to discuss
dispersal mechanisms as these are highly variable from
one situation to the next, and highly contentious.
However, in comparison to primary marine inverte-
brates, such as crustaceans which may produce large
numbers of pelagic larvae, life history features of mites
suggest poor adaptation for dispersal in marine sys-
tems. Long distance dispersal following dislodgement
from the substratum is possible, but opportunistic.
4. Antarctic mites and return to the land. (H4.
Marine species of Halozetes are ancestral
to the terrestrial species of this genus)
Wallwork (1967, 1973) first proposed that the
ameronothroid genus Halozetes originated in the Ant-
arctic region, a view supported by data of the present
study (see above (3)). An extension of Wallwork’s hy-
pothesis is that the terrestrial species of Halozetes on
the peri-Antarctic islands are derived from marine
species. Three lines of argument support this. First,
the marine species have wider geographical distribu-
tions (particularly Halozetes marinus and H. belgicae which
are circum-polar). Second, some terrestrial species are
endemic to geologically-recent volcanic islands, or are
found on other islands which were extensively glaci-
ated and their terrestrial faunas obliterated. Third,
well-developed ecological associations and habitat-
specificity characterise the littoral and supralittoral taxa,
unlike the situation for the terrestrial taxa. Intense
competition, leading to specific habitat utilization in
the narrow littoral band was presumably an effect of
glaciation of the land in the Antarctic region. Even
though habitat specificity is observed for terrestrial
Antarctic invertebrates in general (Gabriel et al. 2001;
Barendse et al. 2002; Chown et al. 2002, 2006), this is
not characteristic of the terrestrial Halozetes species
(see Marshall and Convey 2004).
Across the Antarctic regions and particularly in
the South Indian Ocean province islands (SIP islands),
similar taxa (closely-related species or subspecies) oc-
cupy identical niches in the littoral and supralittoral
zones (see Table 2; Mercer et al. 2000; Marshall and
Chown 2002). The implication is that the establish-
ment of niche-specific species preceded another round
of within-niche evolution across the region. Specific
adaptations concerning feeding are thought to have
been important in maintaining habitat specificity
among the marine taxa, and between the marine and
terrestrial taxa. Considering that the terrestrial spe-
cies Halozetes fulvus, is equally tolerant of seawater sub-
Table 2. Habitat separation of Halozetes taxa on the sub-Antarctic Heard and Marion Islands (see Chown et al. 2002;
Coetzee 2003; Marshall and Chown 2002. The supralittoral habitat comprises the lichens Caloplaca and
Turgidosculum (previously known as Mastodia), the upper-shore, the lichen, Verrucaria, and the mid to low-
shore comprises seaweeds.
Habitat Marion Island  Heard Island
Terrestrial Halozetes fulvus Engelbrecht Halozetes crozetensis Richters
Supralittoral Halozetes belgicae mickii Coetzee Halozetes belgicae belgicae (Michael)
Halozetes belgicae brevipilis Wallwork
Upper-shore Halozetes marionensis Engelbrecht Halozetes intermedius Wallwork
Mid to low-shore Halozetes marinus devilliersi Engelbrecht Halozetes marinus marinus (Lohmann)
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mersion as its marine counterparts, there is little evi-
dence for physiological adaptation as a basis for habi-
tat separation in these mites (Table 3).
CONCLUSIONS
This study presents numerous hypotheses for the origi-
nation of secondary marine mites, based primarily on
geographical, ecological and taxonomic observations.
Most of these hypotheses can be tested using modern
molecular methods and phylogenies, but the actual
causes of the origin remain speculative and based on
logic (see hypothesis 3 above). Improving our under-
standing of these originations contributes to our un-
derstanding of land-to-sea origins in general, as well
as to the origins of marine species. Historical recon-
structions from geographical, phylogenetic and molecular
data for secondary marine mites, become particularly
relevant in the context of predicting the effects of cli-
mate change, and thus the fate of life on earth.
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